Ab&raet-Enantioselective syntheses of a-alkenyl glycines of type 10 and of type 23 are described that provide these uncommon ammo acids with predictable conf&uration and with ec-values of ~~95%. Both approaches are based on the bislactim ether method developed by SchBllkopf et al. As for 10: The lithiated his-lactim ether 6 of cyclo(t-val-gly) is reacted with 2_i(dimethyl t-butyl)silyl]alkanals 2 to give the addition products 7 with de> 95%. These on acid hydrolysis afford L-valinate 8 and the methyl (2R)-2-amino4(dimethyl t-butyl)silyl-3-hydroxyalkanoates 9 which are convertible into the (R)-a-alkenyl glycines of type 10. The scope of this synthesis is limited by the fact that the compounds 9 are thermolabile when disubstitued at C-4. As for W: The lithiated bis-lactim ether 6 is reacted with thioketones 14 to give the addition products 15 with de>950/,. The S-methyl compounds 16 undergo elimination to give regioselectively the olefins 18 when treated with Raney-Ni. Alternatively, the olefms 18 are obtained from the sulfonium salts 24 by dimethyl sulfide elimination, although this route is less regiospecific. The In biochemistry, they are valuable tools to investigate the mechanism of enzyme reactions.2*3 In fact, enzyme inhibition studies with nonproteinogenic amino acids have furnished valuable information about the mode of action of certain enzymes.= Obviously, there is a demand for optically activeif possible optically pure-uncommon amino acids both for pure and applied organic or bioorganic chemistry. Since asymmetric synthesis' is-at ieast in principle-the shortest and most economic way to optically active compounds, it is a challenge for the synthetic organic chemist, to develop asymmetric syntheses of amino acids.5
'
Optically active, non-proteinogenic amino acids deserve attention because of their documented or potential biological activity. Some are valuable pharmaceuticals, such as L.-Dopa, (S)-a-Methyldopa, D-Penicillamine, or D-Cycloserine. Others are components of pharmaceuticals, for instance e-phenylgiycine or D-@-hydroxy-phenylglycine) in the semisynthetic penicillines Ampicillin or Amoxycillin.
In biochemistry, they are valuable tools to investigate the mechanism of enzyme reactions.2*3 In fact, enzyme inhibition studies with nonproteinogenic amino acids have furnished valuable information about the mode of action of certain enzymes.= Obviously, there is a demand for optically activeif possible optically pure-uncommon amino acids both for pure and applied organic or bioorganic chemistry. Since asymmetric synthesis' is-at ieast in principle-the shortest and most economic way to optically active compounds, it is a challenge for the synthetic organic chemist, to develop asymmetric syntheses of amino acids.5
Over the past four years our group has tried to elaborate asymmetric syntheses of uncommon ammo acids. Our approach is based on heterocyctic chemistry and on the following concept6 (1) From a racemic lower amino acid and a chiral auxiliary an heterocycle is built up, that is CH-acidic adjacent to the potential amino group and that contains two sites susceptible to hydrolysis. (2) An electrophile is introduced diastereoselectively via the anion of the heterocycle. (3) Subsequently the heterocycle is cleaved by hydrolysis to liberate the chiral auxiliary and the new optically active amino acid.
In this strategy the heterocycle merely serves as a vehicle to construct finally an acyclic molecule with the proper structure and proper configuration. It makes use of the obvious fact, that an heterocyclic intermediate is necessarily more rigid than it's open chain analog, hence a higher degree of asymmetric induction can be expected.
This communication describes the asymmetric synthesis of a-alkenyl glycines of type 10 and of type 23 (or their methyl esters 21, respectively). These nonproteinogenic amino acids deserve attention, because they are potential "suicide inhibitors"' of certain pyridoxal phosphate depending enzymes. The asymmetric syntheses described here are based on the fact, that the lithiated bis-lactim ether 6 of cyclofr;val-gly) reacts both with carbonyl compoundssg and with thioketones with exceptionally high asymmetric induction (de = diastereomeric excess).
a-Alkenyi glycines of type 10 from 6 and 2-[(dimethyl t -butyl)siIyi]aZk~~s 2 2-[(Dimethyl t-butyl)siIyi]alkanaIs 2 are masked alkenyl groups and allow the electrophilic introduction of alkenyl groups into carbanions 1, according to the following scheme."
The silylated aldehydes 2 add to the lithiated bis-lactim ether 6---obtained from the bislactim ether 5 of cyclo(L-val-gly) and butyllithium-to give (after protonation) the aldol-type addition products 7a-c. Like other aldehydes or ketones,6*9, the incoming aldehyde 2 enters rrans to the isopropyl group at the methylation, was carefully scrutinized and a ca 60: 1 diastereomer ratio was found (tantamount to de ca 97%).
As for the 16a,c and d (Table 1) only (3S)-diastereomers were detectable in the 'H-and "C-NM R spectrum.t
Usually, metallation of 5 to give 6 and addition of the thioketone 14 were performed at -70" (in THF). In one experiment with pentane-fthione both reaetions were carried out at room temp in hexane, whereby 16a was obtained with de ca 69%. Hence, the reaction 6 + 14+15 should be performed at low temps.
Hofmunn olefins 18 by elimination of methylthiol from the cornpour& 16. Attempts to replace the methylthio group in 16 by hydrogen by the usual Raney-Ni treatment" gave a surprising result. Nearly quantitatively, methylthiol elimination took place with virtually complete regioselectivity to give the Hofmann oleflns 18. Olefin formation during a Raney-Ni treatment of thioethers has previously been observed occasionally, but only as a minor side reaction." The Ni was prepared from a commercial alloyis according to a standard procedure.'6 An excess of Raney-Ni was used and the mixture retluxed in ethanol for ca 3 hr. As for l&, 1611 with SBz instead of SF&e was employed. With 16d the regio isomer 19 was formed as the main product besides the two E/Z-isomers of l8d.
The E/Z-assignments are based on the 'H-NMR spectra of the isomers. In one of the diastereomers the 3-H suffers an upfield shift of dS z 0.5 ppm. Obviously, in this isomer the 3-H is located within the shielding cone of the double bond. Models indicate, that this is more likely for the Z-than for the E-isomer.
Noteworthyly, according to preliminary results, 3-methyl-thio amino acid esters of type 28 also undergo methylthiol elimination to give &y-unsaturated amino acid esters of type 21 when treated with Raney-Ni. On hydrogenation (Pd/C, ethanol, 1 at I-I,, room temp) I& afforded (3R,6,!+2,5dimethoxy-3-(l'-ethylprop-I'-yI)-6-isopropyl-3,6dihydropy-razine (yield: 90x), the precursor of (R)-2-amino-3ethyl-pentanoic acid.
Hydrolysis of 18; (R)-e-uikenyl glycine methyl esters 21 and a-alkenyl glycines 23
Hydrolysis of the bis-lactim ethers 18 proceeds under very mild conditions-two equivalents of 0.1 N HCl, room tempt0
give methyl t-Valinate 8 and the (R)-a-alkenyl glycine methyl esters 21. L-Valinate 8 could be separated (as forerun) by fractional bulb-to-bulb distillation. Alternatively, it should be possible to remove the valinate 8 by chromatography. The (R)-amino acid esters 21 obtained were essentially enantiomerically pure; only the (R)-enantiomers were detectable in the 'H-NMR spectrum fEu(hfc), as chirat shift reagent]. The 19/N mixture gave a mixture of 22 and 21d.
On further hydrolysis-2 N HCl 90"-the esters 21a and b afforded (R>a-2-amino-3ethyl-pentenoic acid 23a (E/Z-mixture) and (R)-(cyclohex-l'-en-1 '-yl)glycine 23b respectively. 
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Compound 5 (1.75 g; 9.5 mmol) and 29 (1.50 g; 9.5 mmol). Workup after 3 hr, yield: 2.46 g (76%) 7a; b.p. 12%130"/0.2 tot-r; (3&6S,l'S):(3R,6S,I'R) ca 3.8; no (3S)-diastereomers detectable in the "C-NMR spectrum. De at C-3 > 95%.
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Compound 5 (0.37 g; 2 mmol) and 2b (0.34 g; 2 mmol). Workup after 4 hr, yield: 0.57 g (80%) 7h; b.p. 'S,2'R) :
: ( 
Compound 5 (0.18 g; 1 mmol) and 2e (0. The suspension of 2 mm017 in 16 ml (4 mmol) 0.25 N HCI was stirred for 12 hr at room temp. The mixture was extracted with ether which was discharged. The solvent wax concentrated in uucuo (bath temp 40-60") to l-2m1, IOml ether were added and then with shaking cone ammonia till pH 8-10. The ether layer was separated, the water layer saturated with NaCl and three times extracted with 5-10 ml ether. The combined ether layer was dried with MgSO,. Usual workup. The residual mixture of 8 and 9 was chromatographed on silica gel (low pressure) with ether-acetone 4: 1. 8 was eluted before 9. (Rju-AU;enyl glycines 10 from 9 (Generaf Procedure) ' I%e soln of 1 mm01 9 in 10ml 5 N HCl was refluxed for I hr. The solvent was evaporated in nacuo, the residue dried for 30 min at 30-40°~0.1 tot-r. 5-10 ml EtOH were added, the mixture was refluxed, 2-3 ml propene oxide were added and reflux continued for I5 min. After cooling to O", the precipitated 10 was isolated by suction, washed on the funnel with ether and dried in vucuo over P,O,,.
Compound 9a (0.20&, yield: Ca SOmg (62% 10%
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[a]; = -81.1" (c = 0.2, H,O) [lit*'[ag = -93.8" (C = 1.5, HZW. (3S,6S) -2,5 -Dimethoxy -6 -isopropyf -3 -(1' -methyhhbcyclok -1' -yf) De > 95%.
(R)-a-Afkenyl gfycine methyf esters 21 and (RJ-a-ufkenyf glycines 23 from the bb-factim ether 5
Compounds 16 (Generuf Procedure). A 1.55 N soln of BuLi (2.7 ml) in hexane (4.2 mmol BuLi) were added (syringe!) at -70" to a stirred soln of 0.74 g (4 mmoi) bis-lactim ether !S" in 10 ml dry THF. After 10 min (formation of 6) the soln of 4.2 mmot thioketone (freshly prepared and distilled, see below) in 5 ml THF was added at -70" and stirring continued for 12 hr at -70". A soln of 0.6 g (4.2 mmol) Me1 fin one cast 0.72 g (4.2 mmol) benzyl bromide] in 5 ml THF was added. After warming, stirring was continued at room temp for 40 hr. The solvent was evaporated in vucuo, the residue shaken with 15 ml ether and 20 ml water, the layers separated and the water layer extracted twice with 10 ml ether. T!te combined ether soin was dried with MgSO, with usual workup. The crude compounds 16 were bulb-to-bulb distilled in 00~110. 
Compounds 18 and 19; methylthiof elimination with
RMey -Ni (General Procedure ) A suspension of Raney-Ni prepared from 6 g Raney-Ni alloyr5 according to lit"' in 20ml 75% EtOH was added to the soln of 3 mm01 16 in 30 m! 75% EtOH and t!te mixture refluxed for 3 hr. The catalyst was fi!tered o!i when still hot and washed three times with hot EtOH. The solvent was evaporated in vucuo and the residual compounds 1% bulb to-bulb distilled.
Compound 168 (SBz instead of SMe) (1 .13 g; 3 mmol), yield, 0.67 g (SSo/dl E/Z-l& (E: 2 = 1.3 : 1); b.p. 130*/l torr. IR(film): v = 1620 (C=C), 1695cm-' (C=N). 'H-NMR (CDC!,): Z-l& 6 = 0.72 and 1.09 (2d; 6H, CH(CH,)z), 0.96 (t, J = 7 Hz; 3H, CH,-CH,), 1.68 (d, J =7Hz; 3H, C=C-CH,), 1.95 (q, 3 = 7 Hz; 2H, C=C-CH2), 2.32 (dsp, J = 3 and 7 Hz; lH, Crj(CH,)2), 3.66 and 3.67 (2s; 6H, 2-and 5-OCH,), 3.% (dd, J = 3 Hz, sJ = 3 Hz; !H, 6-H), 4.48 (d, J = 3Hz; lH, 3-H). 5.47 (q, J=irHz; IH, W-H). E-l!!a: S =0.76 and 1.09 (2d; 6H, CH(CH,),), 0.98 (t, J = 7 Hz; 3H, CH,-CH,), 1.78 (d, J = 7 Hz 3H, C==C-CH,), Konstanzer Online-Publikations-System (KOPS) URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/4773/ URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-47738 1.95 (q, J = 7 Hz; W, CX-CH& 2.32 (dsp, J = 3 and 7 HZ IH, CIj(CH,)z), 3.70 and 3.71 (zs; 6H, 2-and S-OCH,), 4.04 (dd, J=3Hz, 'J-4Hz; lH, 6-H), 5.02 (d, J=4& lH, 3-H) (Found: C, 65.48; H, 9.53. Calc for C,,H,N,O, (238.3): C, 65.52; H, 9.30%).
Compounds H&c and 258+ from the sdfoniwn salts 24 (Genera/ Procedure) Me1 (1.42 g; 1Ommol) was added to a soln of 3 mm01 16 in 15 ml dry acetonitrile. The mixture was refluxed for l2-14hr. The solvent was evaporated in uacuo and the residue shaken with 20 ml water and IO ml ether. The layers were separated and the water layer extracted twice with lOm1 ether. The combined ether layer was dried with MgSO, with usual workup. The crude products 18/V were purified by bulb-to-bulb distillation. The product ratios were analyzed by 'H-NMR spectroscopy.
Compounds 1& and (6S)-u1: 0.9 g (3 mmol) Ma, yield, 0.55g (73%) 88: 12-mixture of Z/E-Ilk and 2%
2 : E = 2.5; b.p, 130*/l tort-. HyaTrofysis of 18 or 18/2!5-mixtures (General Procedure). 2 mmol18 (or the mixture of 18 and U, see above) were suspended in 40 ml 0. l N HCl and vigorously stirred for 40-60 hr at room temp. The aqueous layer was extracted twice with 3Oml ether which was discarded (in case of the 18/Umixture it contained 2fi). The solvent was evaporated in uacuo (bath temp 40-600); CCI 15 ml water and 20 ml ether were added to the residue and with vigorous shaking cont. ammonia till pH 8. The ether layer was separated and the water layer extracted three times with 15 ml ether. The combined ether layer was dried with MgS04 with usual workup. The crude mixture of 21 and valinate 8 was bulb-to-bulb distilled and 8 removed as forerun. Konstanzer Online-Publikations-System (KOPS) URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/4773/ URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-47738 
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